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DESCRIPTION 

MAGNETO-RESISTANCE DEVICE 
AND METHOD OF MANUFACTURING THE SAME 

Technical Field 

The present invention relates to a magnetic 
tunnel element (a magneto-resistance device) and a 
manufacturing method of a magneto-resistance device, 
and more particularly relates to a magnetic tunnel 
element (a magneto-resistance device) including a 
magnetic tunnel junction (MTJ) to show a tunnel 
magneto-resistance (TMR) effect, to the manufacturing 
method of the same, and to a magnetic memory using the 
same . 

Background Art 

In recent years, a magnetic head and MRAM 
(magnetoresist ive Random Access Memory) using a 
20 magneto-resistance element to show GMR (Giant Magneto- 
Resistance) effect have been developed. The magneto- 
resistance element used in such devices has a 
structure called spin valve, and includes an anti- 
ferromagnetic layer /a ferromagnetic layer/ a 
25 nonmagnetic layer/a ferromagnetic layer. When the 
nonmagnetic layer is a conductive layer formed of 
material such as Cu, the structure is called a spin- 
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valve type GMR, and when the nonmagnetic layer is an 
insulating layer, the structure is called a spin-valve 
type TMR (Tunnel Magneto-Resistance). 

Fig. 1 shows a sectional view of a spin-valve 
5 type TMR magneto-resistance device. With reference to 
Fig. 1, the magneto-resistance device includes a lower 
layer 124 as an electrode formed on a substrate 101; 
an anti-ferromagnetic layer 123; a pinned 
ferromagnetic layer 120; a tunnel insulating layer 

10 122; a free ferromagnetic layer 12; and a surface 

layer 125. The pinned ferromagnetic layer 120 has a. 
spontaneous magnetization whose magnetization 
direction is fixed, and the free ferromagnetic layer 
121 has a spontaneous magnetization whose 

15 magnetization direction can be inverted. In order to 
firmly fix the direction of the spontaneous 
magnetization, the pinned ferromagnetic layer 120 is 
often formed to be connected to the anti-ferromagnetic 
layer 123. Consequently, the magnetization is firmly 

20 fixed to one direction based on an exchange bias from 
the ant i- ferromagnetic layer 123. Exchange 
interaction that the anti-ferromagnetic layer 123 
provides for the pinned ferromagnetic layer 120, 
firmly fixes the spontaneous magnetization of the 

25 pinned ferromagnetic layer 120. The anti- 
ferromagnetic layer 123 is generally formed of an 
anti- ferromagnetic material (Mn-based alloy) 
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containing Mn, such as IrMn and PtMn. Also, the free 
ferromagnetic layer 121 is often formed of a hard 
ferromagnetic layer 121b formed of a ferromagnetic 
material having a high spin polarization rate, and a 
5 soft ferromagnetic layer 121a formed of a soft 

ferromagnetic material. Such a structure of the free 
ferromagnetic layer 121 makes it possible to 
facilitate the inversion of the spontaneous 
magnetization of the free ferromagnetic layer, while 

10 increasing a magneto-resistance change rate (a MR 
rate) of the magnetic tunnel junction. In general, 
the hard ferromagnetic layer 121b is formed of a 
ferromagnetic material containing Co, such as Co and 
CoFe. The soft ferromagnetic layer 121a is generally 

15 formed of a ferromagnetic material containing Ni (Ni 

alloy) such as NiFe, which has small magnetization and 
soft magnetism. The tunnel insulating layer 122 as a 
nonmagnetic layer is formed as a very thin insulating 
film to an extent that tunnel current can flow through 

20 it. The tunnel insulating layer 122 is generally 

formed of an insulator such as A10 X . The lower layer 
124 and the surface layer 125 function as electrodes 
of the magneto-resistance elements. 

In the TMR element, the current flows in the 

25 vertical direction to the film surface. The 

magnetization direction of the free ferromagnetic 
layer is rotated to a magnetic field direction by an 
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external magnetic field, and the resistance of the 
magneto-resistance element is changed depending on a 
relative magnetization angle between the free 
ferromagnetic layer and the pinned ferromagnetic 
5 layer. 

One of the problems in using the TMR element as 
an MRAM element is a thermal stability. It is 
necessary for manufacture of the MRAM to use a process 
of manufacturing a semiconductor device. For example, 

10 in a process of forming a wiring line and an 

insulating film, and in a thermal treatment process in 
hydrogen atmosphere for improving the performance of a 
transistor, it is assumed that the temperature of 
nearly 400 °C is applied to the TMR element. The 

15 conventional TMR element has a low heat resistant 

temperature of 300 °C. Therefore, if these processes 
are applied as they are to the MRAM including the TMR 
elements, an elements characteristic is deteriorated. 
One of the reasons of the deterioration is diffusion 

20 between layers of the magneto-resistance elements when 
the high temperature is applied to the magneto- 
resistance elements . 

As described above, when the conventional TMR 
element is used as the MRAM element, it is always 

25 necessary to consider the thermal treatment 

temperature in the manufacturing process. Therefore, 
available device structures and manufacturing 
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processes are limited. In this way, it is demanded to 
improve a thermal resistance of the TMR element in 
order to achieve a high-performance MRAM with 
excellent reliability and to reduce a manufacturing 
5 cost. The thermal resistance of up to approximately 
400 °C is desired. 

For example, in Japanese Laid Open Patent 
Application ( JP-P2 0 0 0 - 2 0 92 2 A : a first conventional 
example), the diffusion between the soft ferromagnetic 

10 layer and the hard ferromagnetic layer in a free layer 
is described. A problem pointed out here is the 
diffusion of Ni contained in the soft ferromagnetic 
layer into the hard ferromagnetic layer. The 
diffusion of Ni into the hard ferromagnetic layer 

15 deteriorates the characteristic of the magneto- 
resistance element. In the first conventional example, 
an oxide film or a nitride film formed of nonmagnetic 
elements is provided between the hard ferromagnetic 
layer and the soft ferromagnetic layer to prevent the 

20 interdi f fusion . 

However, when the hard ferromagnetic layer and 
the soft ferromagnetic layer are separated by such an 
oxide film and the like, the magnetic coupling is 
extremely weakened sometimes since direct exchange 

25 interaction between the above two layers is lost. 

Coercive force of the free ferromagnetic layer becomes 
large even if the diffusion preventing layer is 
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thinned exceedingly. As a result, steepness in 
magnetization inversion might be lost. 

In Applied Physics Letters (Vol. 78, May 7, 
2001, pp. 2911-2913) (the second conventional example), 
5 Zongzhi Zhang, et al., report a TMR element that shows 
a high MR ratio even after a thermal treatment at a 
high temperature, by forming an oxide layer of 
ferromagnetic elements such as FeO x , CoFeO x , and the 
like, between the pinned ferromagnetic layer and the 

10 tunnel insulating layer. In this method, however, the 
oxide layer of the ferromagnetic elements decreases 
the MR ratio and increases the junction resistance. 
This is because the oxide of the ferromagnetic 
element, e.g., CoO x , is an anti- ferromagnetic 

15 insulator, which functions as a tunnel barrier of 

undesirable property that causes a leakage current not 
depending on a spin, and a spin scattering of 
tunneling electrons. In addition, CoO x , FeO x , and 
NiO x , as the oxides of Co, Fe, and Ni have high oxide 

20 generation free energy and are instable, and are 

decomposed in a temperature range of 300 °C to 350 °C. 
Therefore, it is difficult to obtain a thermal 
resistance of near to 400 °C. 

In Japanese Laid Open Patent Application (JP- 

25 P2001-237471A) (a third conventional example), an 
oxide magnetic layer is inserted in the pinned 
ferromagnetic layer and the free ferromagnetic layer 
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in a spin valve type GMR element, in order to improve 
thermal stability of exchange coupling of the pinned 
ferromagnetic layer, and to increase the MR ratio 
through increase in resistance of the magnetic layer, 
5 An oxide magnetic layer is used such as Fe 3 0 4 and 

CoFe 2 0 4 containing iron oxide as a main component and 
they are added with Si, Al, B, N, Y, and La. In such 
a spin valve type GMR element that electric current 
flows in a plane, the high resistance of the pinned 

10 ferromagnetic layer prevents the distribution of the 
electric current out of the conductive layer in the 
spin valve type GMR element other than the nonmagnetic 
layer, and the MR ratio can be increased. However, in 
the TMR element in which the electric current flows in 

15 the direction perpendicular to the plane and a 

magne toresis tance effect of the tunneling current is 
important, the above-mentioned effect of increasing 
the MR ratio cannot be expected. Oppositely, in the 
oxide magnetic layer functions as a series resistance 

20 that does not contribute to the tunneling magneto- 
resistance in the TMR element. Therefore, all the 
element resistances increase, so that S/N (signal-to- 
noise) ratio is decreased. 

In Japanese Laid Open Patent Application (JP- 

25 P2002-158381A) (a forth conventional example), a 

problem is pointed out that Mn diffuses from the anti- 
ferromagnetic material containing Mn into the pinned 
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ferromagnetic layer. In the fourth conventional 
example, the pinned ferromagnetic layer is formed from 
two ferromagnetic layers and an insulating layer or an 
amorphous magnetic layer (a diffusion preventing 
5 layer) that is provided between the above-mentioned 
ferromagnetic layers. Thus, Mn is prevented from 
diffusing into the pinned ferromagnetic layer. 

However, in such a diffusion prevention layer, 
the metal ferromagnetic layer is separated by the 

10 diffusion preventing layer, which causes the following 
problems. When the insulating layer formed of oxide 
is used as the diffusion preventing layer, the 
resistance of the diffusion preventing layer is also 
added in series to the tunneling magneto-resistance, 

15 and functions as an additional resistance. In this 

case, the S/N (signal-to-noise) ratio of the output of 
the TMR element decreases. In addition, when the 
insulating layer of the oxide of the non-magnetic 
element is used as the diffusion preventing layer, the 

20 magnetic coupling between the two separated 

ferromagnetic layers is exceedingly weakens even if 
the diffusion preventing layer becomes thinner. As a 
result, the magnetization of the pinned ferromagnetic 
layer is not fixed to one direction. Even in case 

25 that the diffusion preventing layer is the insulating 
layer that contains the oxide of the ferromagnetic 
element, only Fe 3 . x 0 4 (0<x<l/3) indicates the 



ferromagnetism, which includes (CoFe 2 )0 4 (Co ferrite), 
Fe 3 0 4 (magnetait) , and Y~Fe 2 0 3 (maghematait) having a 
spinel structure. The other oxides of ferromagnetic 
elements are an anti-ferromagnetic material or a 
5 paramagnetic material. Moreover, even if the 

diffusion preventing layer is formed of a spinel oxide 
ferromagnetic substance, there is a problem of the 
thermal instability that oxygen decouples easily at a 
high temperature as mentioned above. 

10 Further, the amorphous magnetic layer is in a 

non- e qui 1 ibr ium state and tends to be changed 
generally into a more stable state (e.g., through 
crystallization, including a material of peripheral 
film) in application of heat. The tendency greatly 

15 depends on the material. Therefore, it cannot tie. 

always said that the amorphous magnetic layer itself 
is effective for the diffusion prevention. 

As mentioned in the first to fourth 
conventional examples, in the magneto-resistance 

20 element, in which the oxide layer of the non-magnetic 
element or the oxide layer of the ferromagnetic 
element is inserted, there are the problems such as 
the deterioration of MR characteristic, the low 
thermal stability, the increase of the resistance 

25 through the insertion of the oxide layer, the decrease 
of the S/N (signal-to-noise) ratio due to the increase 
of the resistance, and the remarkable decrease of the 
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ferromagnetic coupling between the two ferromagnetic 
layers separated by the oxide layer. Therefore, it 
has been necessary to prevent the diffusion and solve 
these problems at the same. 
5 As the result of examining the thermal 

deterioration mechanism of the MR element in the 
thermal treatment at approximately 400 °C, the 
inventors of the present invention found that Ni in 
the free ferromagnetic layer diffuses into the tunnel 

10 insulating layer (tunnel barrier) at the high 

temperature, and the diffusion of Mn in the anti- 
ferromagnetic layer into the tunnel insulating layer 
especially cause of the thermal deterioration. Since 
Ni and Mn diffuse at a relatively low temperature, the 

15 deterioration of the tunnel insulating layer due to 
the diffusion of Ni and Mn is serious. 

Therefore, a technique is demanded that 
diffusion of Ni in the free ferromagnetic layer into 
the tunnel insulating layer (tunnel barrier) at the 

20 high temperature can be prevented without losing the 
characteristic of the TMR element in a stable state. 
Further, a technique is demanded that the diffusion of 
Mn in the anti- ferromagnetic layer into the tunnel 
insulating layer can be prevented. 

25 In conjunction with the above-mentioned 

description, a thin film magnetic head is disclosed in 
Japanese Laid Open Patent Application (JP-A-Showa 62- 
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132211) . In this conventional thin film magnetic 
head, the change in an applied signal magnetic field 
is detected as a change in the resistance of a 
ferromagnetic thin film having one-axis magnetic 
5 anisotropy. The thin film magnetic head has the 
ferromagnetic thin film formed between Si0 2 films. 

Also, a composite bias magneto-resistance 
effect head is disclosed in Japanese Laid Open Patent 
Application (JP-A-Heisei 3-268216). In this 

10 conventional technique, the composite bias magneto- 
resistance effect head has a three-layer film of a 
permalloy thin film as a magneto-resistance effect 
film formed on substrate, a Nb thin film for shunt 
bias, and a soft magnetic bias film. A magneto- 

15 striction of the permalloy thin film is from +2xl0" 6 to 
-2xl0" 6 . 

Also, a magneto-resistance element is disclosed 
in Japanese Laid Open Patent Application (JP-P2002- 
190631A). In this conventional technique, the 

20 magneto-resistance element includes a middle layer and 
a pair of magnetic layers putting the middle layer 
therebetween. One of the magnetic layers is a pinned 
magnetic layer, which is hard to be magnetically 
inverted against external magnetic field, compared 

25 with the other magnetic layer. The pinned magnetic 
layer is a multi-layered film of at least one non- 
magnetic layer and magnetic layers putting the non- 
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magnetic substance layer therebetween. The magnetic 
layers are magnetos tat ically or anti-f erromagnetically 
coupled through the non-magnetic substance layer. 
When the m th magnetic layer (m is an integer more than 
5 0) from a middle layer side is referred to as a 
magnetic layer m, and the average saturation 
magnetization and the average film thickness of the 
magnetic layer m are assumed to be Mm and dm, 
respectively, 0.5 < Mde/Mdo < 1 is met, if a total 
10 summation of Mm*dm in case that m is an odd number is 
Mdo, and the total summation of Mm*dm in case that m 
is an even number is Mde . 

Disclosure of Invention 

15 Therefore, an object of the present invention 

is to provide a magneto-resistance device that thermal 
stability (thermal treatment resistance) is improved, 
a manufacturing method of the same, and a magnetic 
memory using the same. 

20 Another object of the present invention is to 

provide a magneto-resistance device that while 
magnetic coupling and electrical contact are kept in 
each of a pinned ferromagnetic layer and a free 
ferromagnetic layer, diffusion of elements contained 

25 the layer, especially, Ni and Mn into a tunnel 

insulating layer can be prevented, a manufacturing 
method of the same, and a magnetic memory using the 
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same . 

Still another object of the present invention 
is to provide a magneto-resistance device that high 
performance and high reliability can be accomplished, 
5 a manufacturing method of the same that a 

manufacturing cost can be reduced, and a magnetic 
memory using the same. 

In an aspect of the present invention, a 
magneto-resistance device is composed of an anti- 

10 ferromagnetic layer, a pinned ferromagnetic layer, a 
tunnel insulating layer and a free ferromagnetic 
layer. The pinned ferromagnetic layer is connected to 
the anti-ferromagnetic layer and has a fixed 
spontaneous magnetization. The tunnel insulating 

15 layer is connected to the pinned ferromagnetic layer 
and is non-magnetic. The free ferromagnetic layer is 
connected to the tunnel insulating layer and has a 
reversible free spontaneous magnetization. The pinned 
ferromagnetic layer is composed of a first composite 

20 magnetic layer functioning to prevent at least one 
component of the ant i- ferromagnetic layer from 
diffusing into the tunnel insulating layer. In the 
above-mentioned magneto-resistance device, the anti- 
ferromagnetic layer contains Mn and the first 

25 composite magnetic layer has a function to prevent Mn 
from diffusing into the tunnel insulating film. 

In the above-mentioned magneto-resistance 
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device, the first composite magnetic layer is composed 
of ferromagnetic material which has been not oxidized 
and oxide of a material which is easy to bind with 
oxygen compared with the ferromagnetic material. In 
5 the above-mentioned magneto-resistance device, the 
ferromagnetic material contains Co as a main 
component . 

In the above-mentioned magneto-resistance 
device, the first composite magnetic layer may be 

10 formed from an amorphous phase as whole and may be 
formed from the amorphous phase and a crystalline 
phase. The crystalline phase contains a plurality of 
crystalline regions and the plurality of crystalline 
regions pass through the first composite magnetic 

15 layer into a direction of the thickness of the first 
composite magnetic layer. 

In the above-mentioned magneto-resistance 
device, the composition formula of the amorphous phase 
in the first composite magnetic layer is 

20 DzM^zOx (0.6<Z<0.9, and X>0). Here, D is at least one 
selected from the group consisting of Co, Fe and Ni, 
and M is at least one selected from the group 
consisting of Ta, Zr, Hf, Nb, and Ce . 

In the above-mentioned magneto-resistance 

25 device, the first composite magnetic layer contains a 
plurality of crystal grains formed of the 
ferromagnetic material and the plurality of crystal 
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grains are separated from each other by the oxide. 
Also, a part of the plurality of crystal grains may be 
contact with another of the plurality of crystal 
grains . 

5 In the above-mentioned magneto-resistance 

device, the oxide contains oxide of at least one 
element selected from the group consisting of Al, Si, 
the Mg and Ti. 

In the above-mentioned magneto-resistance 

10 device, the first composite magnetic layer contains a 
plurality of crystal grains formed of the 
ferromagnetic material and the plurality of crystal 
grains are separated from each other by the oxide. 
Also, the plurality of crystal grains pass through the 

15 first composite magnetic layer into a direction of the 
thickness of the first composite magnetic layer. A 
part of the plurality of crystal grains may contact 
with another of the plurality of crystal grains. The 
oxide contains oxide of at least one element selected 

20 from the group consisting of Al, Si, the Mg, Ti, Ta, 
Hf, Zr, Nb and Ce . 

In the above-mentioned magneto-resistance 
device, it is preferable that the thickness of the 
oxide is thinner than the grain diameter of each of 

25 the plurality of crystal grains, and it is preferable 
that the thickness of the oxide is equal to or less 
than 2 nm . 
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In the above-mentioned magneto-resistance 
device, the average grain diameter of the plurality of 
crystal grains is preferably equal to or less than 10 
nm and the plurality of crystal grains are preferably 
5 f erromagnetically coupled. 

In the above-mentioned magneto-resistance 
device, the pinned ferromagnetic layer contains a 
first metal ferromagnetic layer and a second metal 
ferromagnetic layer and the first composite magnetic 

10 layer is interposed between the first metal 

ferromagnetic layer and the second metal ferromagnetic 
layer. It is preferable that the resistivity of the 
first composite magnetic layer is in a range between 
10 yQcm and 3000 ijQcm. 

15 In the above-mentioned magneto-resistance 

device, the free ferromagnetic layer is composed of a 
second composite magnetic layer functioning to prevent 
at least one component of the free ferromagnetic layer 
from diffusing into the tunnel insulating layer. The 

20 free ferromagnetic layer contains Ni and the second 
composite magnetic layer prevents Ni from diffusing 
into the tunnel insulating film. 

In the above-mentioned magneto-resistance 
device, the free ferromagnetic layer is composed of a 

25 metal ferromagnetic layer and a soft magnetic layer. 
Here, the metal ferromagnetic layer is connected to 
the tunnel insulating layer on one side of the phase 
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boundaries and is connected to the second composite 
magnetic layer on the other phase boundary side. The 
soft magnetic layer contains Ni and is joined to the 
phase boundary of the second composite magnetic layer 
5 opposite to the metal ferromagnetic layer. 

In the above-mentioned magneto-resistance 
device, the pinned ferromagnetic layer is composed of 
a non-magnetic layer and two ferromagnetic layers 
anti-f erromagnetically through the non-magnetic layer, 
10 and the free ferromagnetic layer is composed of a non- 
magnetic layer and two ferromagnetic layers anti- 
f erromagnet ical ly coupled through the non-magnetic 
layer • 

In order to solve the above problems, I a 
15 method of manufacturing method of a magneto-resistance 
device of the present invention, an anti-ferromagnetic 
layer containing Mn is formed above a substrate and a 
pinned ferromagnetic layer with a fixed spontaneous 
magnetization is formed on the ant i - f er r omagne t i c 
20 layer. Here, the pinned ferromagnetic layer is 
composed of a first composite magnetic layer 
functioning to prevent Mn from diffusing into the 
tunnel insulating layer. An insulative non-magnetic 
tunnel insulating layer is formed on the pinned 
25 ferromagnetic layer, and the free ferromagnetic layer 
with a reversible free spontaneous magnetization is 
formed on the tunnel insulating layer. The first 
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composite magnetic layer is formed of ferromagnetic 
material which is not oxidized as a main component, 
and oxide of material that is easy to bind with oxygen 
compared with the ferromagnetic material, as a sub 
5 component . 

In the formation of the pinned ferromagnetic 
layer in the above-mentioned method of manufacturing 
the magneto-resistance device, the first composite 
magnetic layer is formed by the reactive sputtering 

10 method in a mixture atmosphere of an inactive gas and 
an oxygen gas, by using a target which contains at 
least one of ferromagnetic material selected from the 
group consisting of Co, Ni and Fe and at least one of 
non-magnetic material selected from the group 

15 consisting of Al, Si, the Mg, Ti, Ta, Hf, Zr, Nb and 
Ce . At this time, in the reactive sputtering method, 
it is preferable that a ratio of a flow rate of the 
oxygen to a flow rate of the inactive gas is equal to 
or less than 0.2. 

20 In order to improve the thermal resistance of a 

TMR device as the magneto-resistance device, a 
structure is effective in which a diffusion preventing 
layer is provided between a layer containing elements 
such as Mn and Ni easy to be diffused and a tunnel 

25 insulating layer, and such a material is not contained 
between the diffusion preventing layer and the tunnel 
insulating layer. In the present invention, an oxide 
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layer contained in the diffusion preventing layer is 
effective to the diffusion prevention. The oxide has 
a high thermal reliability, a high density, and a 
large generation energy of the lattice defect, 
5 compared with non-oxide layer. Therefore, the 

diffusion coefficient of the magnetic atom to the 
oxide layer is small. In addition, Mn has a property 
to easily bind with oxygen, and stably bind with 
oxygen in an oxide and is captured in the oxide. 
10 Therefore, it is effective to prevention of Mn 
di f fusion . 

The ferromagnetic material in the composite 
magnetic layer as the diffusion preventing layer is 
almost in a metal state, and a strong magnetic 

15 coupling can be kept between the layers on the up and 
down sides connected with the composite magnetic layer 
by this metal ferromagnetic material and moreover the 
conductive state can be also kept. In this way, Mn is 
captured by the non-magnetic oxide (the oxide layer) 

20 which is contained in the composite magnetic layer and 
the diffusion of Mn is prevented. Here, it is 
preferable that the material of the non-magnetic oxide 
is easy to bind with oxygen, compared with the 
ferromagnetic material. This is to prevent that the 

25 ferromagnetic material is oxidized, through binding of 
oxygen with the material. Also, it is preferable that 
the non-magnetic oxide is stable at 400 °C. This is 
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to get the effect of the Mn capture at 400 °C. As 
such a material, it is preferable to use a non- 
magnetic material of Hf, Zr, Nb, Ce, Al Si, Mg, and 
Ti which are easy to bind with oxygen compared with 
5 the ferromagnetic material of Co, Fe and Ni and whose 
oxide is stable at 400 °C. These non-magnetic 
materials have low oxide formation energies compared 
with the ferromagnetic material, and are easy to bind 
with oxygen. 

10 It should be noted that the structure of the 

magneto-resistance device and the manufacturing method 
of it in the present invention is not limited to the 
TMR device. When a non-magnetic conductive layer is 
used in place to the tunnel insulating layer and the 

15 present invention is applied to the GMR device, the 
thermal resistance of a spin valve GMR device can be 
improved through the prevention effect of diffusion of 
Mn and Ni into the non-magnetic conductive layer in 
addition to the above. 

20 

Brief Description of Drawings 

Fig. 1 is a sectional view showing a structure 
of a conventional magneto-resistance device; 

Fig. 2 is a sectional view showing a structure 
25 of a magneto-resistance device according to a first 
embodiment of the present invention; 

Fig. 3 is a sectional view showing the 
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structure of the magneto-resistance device according 
to a second embodiment of the present invention; 

Fig. 4 is a sectional view showing a first 
example of a composite magnetic layer; 
5 Fig. 5 is a sectional view showing a second 

example of the composite magnetic layer; 

Fig. 6 is a sectional view showing a third 
example of the composite magnetic layer; 

Fig. 7 is a graph showing resistivity of a thin 

10 film; 

Fig. 8 is a graph showing saturation 
magnetization of the film shown with Fig. 7; 

Fig. 9 is data showing Co 2p spectra of films by 

XPS; 

15 Fig. 10 is graphs showing relation of thermal 

treatment temperature and a diffusion quantity of Mn; 

Fig. 11 is graphs showing magnetization curves 
of anti-ferromagnetic layer/pinned ferromagnetic layer 
- exchange coupling films; 
20 Fig. 12 is a sectional view showing the 

structure of the magneto-resistance device according 
to a third embodiment of the present invention; 

Fig. 13 is a sectional view showing the 
structure of the magneto-resistance device according 
25 to a fourth embodiment of the present invention; 

Fig. 14 is a sectional view showing the 
structure of the magneto-resistance device according 
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to a fifth embodiment of the present invention; 

Fig* 15 is graphs showing relation of thermal 
treatment temperature and MR ratios in the magneto- 
resistance devices; 
5 Fig. 16 is graphs showing magneto-resistance 

curves after thermal treatment of the magneto- 
resistance devices; 

Fig. 17 is a table showing a relation of MR 
ratio and exchange coupling magnetic field in the 
10 magneto-resistance devices; and 

Fig. 18 is graphs showing the magnetization 
curve of each sample. 



Best Mode for Carrying Out the Invention 

15 Hereinafter, a magneto-resistance device of the 

present invention will be described with reference to 
the attached drawings. 

First, a configuration of the magneto- 
resistance device according to the first embodiment of 

20 the present invention will be described. Fig. 2 is a 
cross-sectional view showing a configuration of the 
magneto-resistance device according to the first 
embodiment of the present invention. Referring to 
Fig. 2, the magneto-resistance device in the first 

25 embodiment includes a magneto-resistance element 23. 
A lower layer 24 is formed on a substrate 1 as a 
wiring layer. The magneto-resistance element 23 is 
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formed on the lower layer 24. A surface layer 25 is 
formed on the magneto-resistance element 23. The 
magneto-resistance device in the first embodiment is 
applicable to a memory cell of MRAM of a cross-point 
5 cell type . 

The lower layer 24 includes a lower electrode 
seed layer 2, a lower electrode layer 3, and a buffer 
layer 4, which are formed on the substrate 1 in this 
order. The lower layer 24 connects the magneto- 

10 resistance element 23 with the lower electrode layer 3 
electrically. The lower electrode seed layer 2 
controls the orientations of the lower electrode layer 
3 and the buffer layer 4. The lower electrode seed 
layer 2 is typically formed of Ta and Cr. The lower 

15 electrode layer 3 is a wiring layer for the magneto- 
resistance element 23. The lower electrode layer 3 is 
typically formed of Al go Cu 10 . The buffer layer 4 
controls the orientation of an anti-ferromagnetic 
layer 5 provided on the buffer layer 4 to stabilize 

20 the ant i- ferromagnetic phase of the anti-ferromagnetic 
layer 5. The buffer layer 4 is typically formed of 
NiFe and CoFe. 

The surface layer 25 includes an electrode 
contact layer 11 and an upper electrode layer 12, 

25 which are formed sequentially on the magneto- 
resistance element 23. The surface layer 25 contacts 
the magneto-resistance element 23 with the upper 



23 



electrode layer 12 electrically. The electrode 
contact layer 11 is typically formed of TiN, Ta, Ru, 
W, Zr, and Mo. The upper electrode layer 12 is a 
wiring layer for the magneto-resistance element 23. 
5 The upper electrode layer 12 is typically formed of 

Al g Q C U 1 q . 

The magneto-resistance element 23, functioning 
as a memory cell of the MR AM, includes the anti- 
ferromagnetic layer 5, a pinned ferromagnetic layer 

10 20, a tunnel insulating layer 9, and a free 

ferromagnetic layer 21. A magnetic tunnel junction is 
configured of the pinned ferromagnetic layer 20, the 
tunnel insulating layer 9, and the free ferromagnetic 
layer 21. The ant i- ferromagnetic layer 5 is provided 

15 on the lower layer 24, and formed of an anti- 
ferromagnetic material containing Mn (Mn-based alloy) , 
and typically, formed of PtMn and IrMn. The anti- 
ferromagnetic layer 5 imposes an exchange interaction 
to the pinned ferromagnetic layers 20 that are formed 

20 directly on the anti-ferromagnetic layer 5, to fix the 
direction of a spontaneous magnetization of the pinned 
ferromagnetic layer 20. 

The pinned ferromagnetic layer 20 is provided 
on the ant i- ferromagnetic layer 5, and has a fixed 

25 spontaneous magnetization. More specifically, the 
pinned ferromagnetic layer 20 includes a composite 
magnetic layer 6 and a metal ferromagnetic layer 7 
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formed on the anti-ferromagnetic layer 5 in this 
order. The metal ferromagnetic layer 7 is formed of a 
metal ferromagnetic alloy with a high spin 
polarization rate, and typically, formed of CoFe. 
5 CoFe alloy is a ferromagnetic substance that is 

relatively hard magnetic (that is, coercive force is 
large)- As described later, the spontaneous 
magnetization of the pinned ferromagnetic layer 20 is 
fixed by the exchange interaction from the anti- 

10 ferromagnetic layer 5. The composite magnetic layer 6 
has a function to prevent at least one of elements 
forming the ant i- ferromagnetic layer 5 (for example, 
Mn) from diffusing into the tunnel insulating layer 9. 
The composite magnetic layer 6 is formed of a 

15 ferromagnetic material which has been not oxidized and 
an oxide of the material that is easy to bind with 
oxygen compared with the ferromagnetic material. The 
details are described later. 

The tunnel insulating layer 9 is provided on 

20 the pinned ferromagnetic layer 20, and is formed of a 
non-magnetic insulator thin to an extent that a 
tunneling current flows. The tunnel insulating layer 
9 is typically formed of AlOx, AlNx, and MgOx . The 
thickness is set in accordance with a resistance 

25 requested to the magneto-resistance element 23, and is 
typically 1.2 to 2 nm . The resistance of the tunnel 
insulating layer 9 in the direction of the thickness 
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is different in accordance with whether the 
spontaneous magnetizations of the pinned ferromagnetic 
layer 20 and the free ferromagnetic layer 21 are 
parallel or anti-parallel, because of an effect of 
5 tunneling magneto-resistance (TMR effect). The data 
stored in the magneto-resistance element 23 can be 
determined based on the resistance value in the 
direction of the thickness of the tunnel insulating 
layer 9 . 

10 The free ferromagnetic layer 21 is provided on 

the tunnel insulating layer 9, and the direction of 
the spontaneous magnetization is invertible. 
Moreover, the free ferromagnetic layer 21 is formed so 
that the direction of the spontaneous magnetization 

15 directs in parallel or anti-parallel to the 

spontaneous magnetization of the pinned ferromagnetic 
layer 20. The magneto-resistance element 23 stores a 
data of one bit as the direction of the spontaneous 
magnetization of the free ferromagnetic layer 21. The 

20 free ferromagnetic layer 21 includes a metal 

ferromagnetic layer 8 and a soft magnetic layer 10. 
The metal ferromagnetic layer 8 is formed of a metal 
ferromagnetic alloy with a high spin polarization 
rate, and typically formed of ferromagnetic substance 

25 containing Co such as Co and CoFe. The CoFe alloy is 
relatively hard magnetic ferromagnetic substance. The 
soft magnetic layer 10 is formed of a ferromagnetic 
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f substance containing Ni, and typically formed of a 

ferromagnetic substance (Ni alloy) containing Ni such 
as NiFe that is a soft magnetic material and has a 
small magnetization. In general, the ferromagnetic 
5 substance containing Ni is relatively soft magnetic 
(that is, coercive force is small) . Such a structure 
of the free ferromagnetic layer 21 makes the reverse 
of the spontaneous magnetization in the free 
ferromagnetic layer facilitate while increasing the 

10 magneto-resistance change ratio (MR ratio) in the 
magnetic tunnel junction. 

Next, the composite magnetic layer 6 will be 
further described. As described above, the diffusion 
of Mn contained in the ant i- ferromagnetic layer 5 into 

15 the tunnel insulating layer 9 is not preferable 

because the MR ratio of the magnetic tunnel junction 
is deteriorated. In order to prevent Mn contained in 
the ant i- ferromagnetic layer 5 from diffusing into the 
tunnel insulating layer 9, the pinned ferromagnetic 

20 layer 20 is preferably formed from the composite 

magnetic layer 6 and the metal ferromagnetic layer 7 
as shown in Fig. 21. 

The composite magnetic layer 6 is formed on the 
ant i- ferromagnetic layer 5, and prevents Mn of the 

25 anti- ferromagnetic layer 5 from diffusing into the 
tunnel insulating layer 9 as described later. The 
metal ferromagnetic layer 7 is provided on the 
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composite magnetic layer 6. At this time, the metal 
ferromagnetic layer 7 has a high spin polarization 
rate, and is preferably formed of the metal 
ferromagnetic alloy including Co as a main component, 
5 which has thermal stability and is hard to diffuse 

easily. The metal ferromagnetic layer 7 becomes hard 
in magnetism by forming the metal ferromagnetic layer 
7 of the metal ferromagnetic alloy including Co as the 
main component. Moreover, because the metal 

10 ferromagnetic layer 7 has no Ni (or a little), there 
is no possibility for Ni to be diffused. Here, the 
phrase " including Co as the main component" means 
that it is Co that the atomic percent is the highest 
in elements of the metal ferromagnetic alloy. 

15 This structure has advantages that it is 

possible to reduce the film thickness of the pinned 
ferromagnetic layer 20 and reduce the number of layers 
of the magneto-resistance element. Moreover, the high 
MR ratio can be attained by using the metal 

20 ferromagnetic layer 7 for an interface with the tunnel 
insulating layer 9 (a tunnel barrier layer). 

Fig. 3 is a cr o s s - s e c t ion view showing a 
configuration of the magneto-resistance device 
according to the second embodiment of the present 

25 invention. In the second embodiment, the pinned 

ferromagnetic layer 20 has a configuration in which 
the composite magnetic layer 6 is inserted in the 
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metal ferromagnetic layer 7. That is to say, the 
pinned ferromagnetic layer 20 has a three-layered 
structure in which the composite magnetic layer 6 is 
sandwiched by a metal ferromagnetic layer 7a and a 
5 metal ferromagnetic layer 7b. In this case, the same 
effect as the above-mentioned effect can be achieved. 

The composite magnetic layer 6 has electrical 
conductivity like metal. It is desirable that the 
resistivity is small to an extent that it can be 

10 completely negligible compared with the tunneling 
magneto-resistance even if the thickness of the 
composite magnetic layer 6 is thickened to a 
considerable extent. The value of resistivity is 
preferably in a range from 10 pQcm to 3000 pQcm. 

15 The composite magnetic layer 6 is a composite 

thin film, which contains metal ferromagnetic 
substance, which has been not oxidized, as a main 
component, and oxide of non-magnetic element, easy to 
bind with oxygen compared with the above-mentioned 

20 metal ferromagnetic substance, as a sub component. 
The composite magnetic layer 6 can prevent Mn from 
diffusing while maintaining the electrical 
conductivity like metal and f er r omagne t i sm . CoFe is 
typically exemplified as the metal ferromagnetic 

25 substance of the composite magnetic layer 6. As 

oxides, TaO x , HfO x , NbO x , ZrO x , CeO x , A10 x , MgO x , SiO x , 
and TiO x are exemplified. These non-magnetic elements 
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have a lower oxide generation free energy and are easy 
to be oxidized, compared with the ferromagnetic 
elements Fe, Co, and Ni . As a ferromagnetic materials 
used for the composite magnetic layer 6, it is 
5 preferable to use Co or the metal ferromagnetic alloy 
containing Co as the main component. Co or the metal 
ferromagnetic alloy containing Co as the main 
component have a high spin polarization rate, and are 
hard to be oxidized. Also, they are hard to be 

10 diffused due to thermal stability. 

It is important for the composite magnetic 
layer 6 to contain the metal ferromagnetic substance, 
which has been not oxidized, as the main component in 
that the composite magnetic layer 6 shows the 

15 electrical conductivity and the f er romagne t ism . A 
S/N ( Signal- to-Noise ) ratio is improved in a reading 
operation since the composite magnetic layer 6 has a 
metal electrical conductivity. An exchange 
interaction of the ant i- ferromagnetic layer 5 can act 

20 to the metal ferromagnetic layer 7 due to the 

composite magnetic layer 6 having the f erromagnet ism, 
so that both of the composite magnetic layer 6 and the 
metal ferromagnetic layer 7 are made possible to 
function as the pinned ferromagnetic layer 20. To 

25 prevent the metal ferromagnetic substance of the 

composite magnetic layer 6 from being oxidized, the 
oxide of non-magnetic element is used, which is easily 
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oxidized compared with the metal ferromagnetic 
substance, as the oxide of the composite magnetic 
layer 6 . 

The composite magnetic layer 6 has any of 
5 structures shown in Fig. 4 to Fig. 6 in accordance 
with component materials and a manufacturing method, 
e.g., the composition ratio of non-magnetic element 
and the metal ferromagnetic element, and the atomic 
radius of the non-magnetic element of the oxide. Fig. 

10 4 is a cross section view of the composite magnetic 
layer 6 in a first example. When the oxide of the 
material having a larger atomic radius than that of 
the metal ferromagnetic substance is contained in the 
metal ferromagnetic substance in a high density, the 

15 structure of the composite magnetic layer 6 has a 
structure in which the whole of structure is 
configured of an amorphous phase or a structure is 
configured of the amorphous phase and a pillar-shaped 
crystalline phase (crystalline area). Fig. 4 shows 

20 the structure containing an amorphous phase 32 and a 
pillar-shaped crystalline phase 33. The reason why 
the composite magnetic layer 6 takes such a structure 
is that the crystallization of the metal ferromagnetic 
substance is obstructed by the non-magnetic element 

25 with a large atomic radius. 

The pillar-shaped crystalline phase 33 exists 
as a plurality of pi 1 1 ar- shaped crystalline areas in 



the amorphous phase 32 or an amorphous film. The 
pillar-shaped crystalline phase 33 passes through the 
composite magnetic layer 6 in the direction of the 
thickness. The pillar-shaped crystalline phases 33 
5 are mutually separated by the amorphous phase 32. A 
ferromagnetic metal cluster occupies in a major 
portion of the amorphous phase 32, and a non-magnetic 
oxide cluster is contained at random in some portions. 
Mn is captured by the non-magnetic oxide cluster, 

10 which exists at random in the composite magnetic layer 
6, and the magnetic coupling and the electrical 
conductivity are secured by the ferromagnetic metal 
occupying in the major portion of the composite 
magnetic layer 6. 

15 A composition of the amorphous phase 32 in the 

composite magnetic layer 6 has a composition formula 
of DzM^zOx. Here, "D" is at least one of Co, Fe, and 
Ni . M is at least one of Ta, Hf, Zr, Nb, and Ce . Z 

satisfies the rage of 0 . 6 ^ Z Si 0 . 9 (X>0) as the 
20 composition ratio. Also, segregation of the 

ferromagnetic metal occurs in a region of the pillar- 
shaped crystalline phase 33, and this region 
contributes to improve the magnetic coupling and the 
electric coupling with upper and lower layers. For 
25 instance, when CoFe is used as the metal ferromagnetic 
substance, and any of TaO x , HfO x , ZrO x , NbO x , and CeO x 
is used as the oxide of the composite magnetic layer 
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6, the composite magnetic layer 6 has the structure as 
shown in Fig . 4 . 

Fig. 5 is a cross sectional view of the 
composite magnetic layer 6 in a second example. If 
5 the atomic radius of the non-magnetic element of the 
oxide is smaller than that of the element of the metal 
ferromagnetic substance, the composite magnetic layer 
6 has a structure that there are a plurality of 
ferromagnetic metal crystal grains 35 as grainy 
10 crystals of the metal ferromagnetic substance, and 
non-magnetic oxides 34 precipitated in the grain 
boundaries of the ferromagnetic metal crystal grains 
35. The material having such a structure is sometimes 
called as a granular alloy. In this case, some 
15 crystal grain of the plurality of ferromagnetic metal 
crystal grains 35 is not completely isolated, and is 
contact with adjacent one or more crystal grains of 
the other the ferromagnetic metal crystal grains 35 
directly or through a pinhole and the like of the non- 
20 magnetic oxide 34. In this structure, the 

ferromagnetic metal crystal grains 35 are magnetically 
coupled. Therefore, the composite magnetic layer 6 
shows a soft f erromagnetism and a metal electrical 
conductivity. Also, in this structure, if the 
25 ferromagnetic material is at least one selected from 
the group consisting of Co, Fe, and Ni, the non- 
magnetic material is exemplified by Al, Si, Mg, and 
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Ti . For instance, when CoFe is used as the metal 
ferromagnetic substance of the composite magnetic 
layer 6, and any of A10 x , SiO x , MgO x , and TiO x is used 
as the oxide in the composite magnetic layer 6, the 
5 composite magnetic layer 6 has the structure as shown 
in Fig. 5 . 

Fig. 6 is a cross sectional view of the 
composite magnetic layer 6 in a third example. This 
composite magnetic layer 6 has the structure in which 

10 there are a plurality of pillar-shaped ferromagnetic 
metal crystal grains 35a as crystal grains of the 
metal ferromagnetic substance , and non-magnetic oxides 
34a of non-crystal precipitated in the grain 
boundaries between the ferromagnetic metal crystal 

15 grains 35a. In this case, the plurality of 

ferromagnetic metal crystal grains 35a pass through 
the composite magnetic layer 6 in the direction of the 
thickness. That is, any of the plurality of 
ferromagnetic metal crystal grains 35a is not 

20 separated by the non-magnetic oxide 34a in the 

direction perpendicular to the film surface of the 
composite magnetic layer 6. 

Such a structure can be attained when the non- 
magnetic material is mixed in the ferromagnetic 

25 material in a low density or when the thickness of the 
composite magnetic layer 6 is thinner than a thickness 
corresponding to the size of the ferromagnetic metal 
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crystal grain 35 in the composite magnetic layer 6 in 
case of the second example. The non-magnetic oxide 
34a is an oxide of the element selected from among Al, 
Si, Mg, Ti, Ta, Hf, Zr, Nb, and Ce. In this case, the 
5 non-magnetic oxide 34a segregates in the crystal grain 
boundary of the ferromagnetic metal crystal grain 35a. 
The ferromagnetic metal crystal grain 35a is not 
separated in the direction perpendicular to the film 
surface of the composite magnetic layer 6. However, 

10 the diffusion through the crystal grain boundaries 
(the non-magnetic oxide 34a) contributes largely to 
the Mn diffusion. Therefore, the effect of prevention 
of the Mn diffusion by the composite magnetic layer 6 
can be obtained enough. In this case, a part of the 

15 plurality of ferromagnetic metal crystal grains 35a is 
not completely isolated, and is contact with adjacent 
one or more of the ferromagnetic metal crystal grains 
35a directly or through a pinhole and the like of the 
non-magnetic oxide 34a. 

20 In common to the second and third examples of 

the composite magnetic layer, it is preferable that 
the thickness of the non-magnetic oxide 34 or 34a is 
thinner than the particle diameter of the 
ferromagnetic metal crystal grain 35 or 35a and is 

25 equal to or less than 2 nm, so that the electric and 
magnetic coupling of the ferromagnetic metal crystal 
grains 35 and 35a can be kept. In this case, the 
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average diameter of the plurality of ferromagnetic 
metal crystal grains 35 or 35a is preferably equal to 
or less than 10 nm. Moreover, the particle size is 
preferably equal or less than 3 nm so that the 
5 ferromagnetic metal crystal grain 35 or 35a is not 
electrically and magnetically isolated completely. 
The thickness of the ferromagnetic metal crystal grain 
35 or 35a, and the size of the non-magnetic oxides 34 
or 34a can be controlled in accordance with a ratio of 

10 the non-magnetic material mixed in the ferromagnetic 
material used for the composite magnetic layer 6, or 
in accordance with a film forming condition of the 
composite magnetic layer 6 (a flow rate of gas such as 
oxygen to be doped in the film formation) . The 

15 plurality of crystal grains in the composite magnetic 
layer in the present invention keep the ferromagnetic 
coupl ing . 

In any structures shown in Fig. 4 to Fig. 6, 
the composite magnetic layer 6 has a structure in 

20 which the diffusion can be prevented by scrupulosity 
of the non-magnetic oxide contained in the composite 
magnetic layer 6. In addition, the composite magnetic 
layer 6 containing the oxide operates to trap Mn that 
is easy to be bounded with oxygen. When Mn is 

25 diffused into the composite magnetic layer 6 

containing the oxide, the diffused Mn is bounded with 
oxygen and stabilized, and fixed in the composite 
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magnetic layer 6. In addition, the composite magnetic 
layer 6 hardly has a crystal grain boundary of a 
normal metal ferromagnetic layer, or the crystal grain 
boundary, which is the high-rate diffusion path, is 
5 occupied by the oxide and is decreased- Therefore, 
the diffusion prevention ability is high. Due to 
these effects, the composite magnetic layer 6 can 
prevent the diffusion of Mn into the tunnel insulating 
layer 9 effectively without separating electrically 

10 and magnetically coupling in the pinned ferromagnetic 
layer 20. Such a property cannot be shown in the 
conventional oxide diffusion preventing layer. 

Fig. 12 shows a configuration of the magneto- 
resistance device according to the third embodiment of 

15 the present invention. Referring to Fig. 12, the 

magneto-resistance device in the third embodiment is 
different from that of the first embodiment shown in 
Fig. 2 in that the magneto-resistance device in the 
third embodiment has no composite magnetic layer 6, 

20 and a composite magnetic layer 15 is provided between 
the metal ferromagnetic layer 8 and the tunnel 
insulating layer 9 as a part of the free ferromagnetic 
layer 21a. The other components are the same as those 
of the device shown in Fig. 2. In the magneto- 

25 resistance device in the third embodiment, the 

diffusion of Ni that is used in the free ferromagnetic 
layer 21 can be prevented by inserting the composite 
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magnetic layer 15 having the same structure as the 
composite magnetic layer 6 in the free ferromagnetic 
layer 21. 

In this case, the composite magnetic layer 15 
5 has the same configuration as the composite magnetic 
layer 6. Like the composite magnetic film 6, the 
diffusion of Ni can be prevented by the diffusion 
prevention function of the composite magnetic layer 
15. That is, the structure shown in Fig. 12 is 

10 preferable in the point that the diffusion of Ni into 
the tunnel insulating layer 9 can be prevented while 
the MR ratio is increased. 

As described above, in the magneto-resistance 
element 23 of the present invention, the composite 

15 magnetic layer 6 and the composite magnetic layer 15 
are respectively inserted in the pinned ferromagnetic 
layer 20 and the free ferromagnetic layer 21 as 
diffusion preventing layers. Therefore, a problem of 
the increase of saturation magnetization may be caused 

20 by inserting the composite magnetic layer 6 and the 
composite magnetic layer 15. To solve this, the 
configurations shown in Fig. 13 and Fig. 14 should be 
appl ied . 

Fig. 13 shows a configuration of the magneto- . 
25 resistance device according to the fourth embodiment 

of the present invention. In the pinned ferromagnetic 
layer 20, as shown in Fig. 13, a metal ferromagnetic 
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layer 7 is provided in the pinned ferromagnetic layer 
20 containing a composite magnetic layer 6 to anti- 
f erromagnetically couple through the non-magnetic 
layer 14. Fig. 14 shows a configuration of the 
5 magneto-resistance device according to the fifth 

embodiment of the present invention. As shown in Fig. 
14, a metal ferromagnetic layer 8 is provided in the 
free ferromagnetic layer 21b containing the composite 
magnetic layer 15 to ant i- f erromagnetically couple 

10 through the non-magnetic layer 13. 

The non-magnetic layers 14 and 13 are formed of 
material such that the composite magnetic layer 6 and 
the metal ferromagnetic layer 7, or the composite 
magnetic layer 15 and the metal ferromagnetic layer 8 

15 are anti-f erromagnetically coupled strongly. That is, 
the non-magnetic layers 14 and 13 are typically formed 
of any of Cu, Cr, Rh, Ru, and RuO x . The pinned 
ferromagnetic layer 20 is formed from two 
ferromagnetic layers (the composite magnetic layer 6 

20 and the metal ferromagnetic layer 7) and the non- 
magnetic layer 14, which is sandwiched by the two 
ferromagnetic layers and is ant i - f e r r omagne t i ca 1 1 y 
coupled with the two ferromagnetic layers, so that a 
substantial magnetization of the pinned ferromagnetic 

25 layer 20 can be reduced. Moreover, the free 
ferromagnetic layer 21 is configured of two 
ferromagnetic layers (the composite magnetic layer 15 
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and the metal ferromagnetic layer 8) and the non- 
magnetic layer 13, which is sandwiched by the two 
ferromagnetic layers and anti-f erromagnetically 
coupled with he two ferromagnetic layers. Thus, the 
5 non-magnetic layer 14 functions to reduce a 

substantial magnetization or demagnetization field in 
the free ferromagnetic layer 21. A reverse magnetic 
field of the free ferromagnetic layer 21 (coercive 
force) is decreased through the reduction of the 

10 demagnetization field. Therefore, the structure shown 
in Fig. 14 contributes to increase the MR ratio and 
can prevent Ni from diffusing into the tunnel 
insulating layer 9. In addition, the free 
ferromagnetic layer 21 can be made softer. 

15 In the structure shown in Fig. 14, when the 

free ferromagnetic layer 21 soft enough is obtained, 
the structure having no soft ferromagnetic layer 10 is 
made applicable. By excluding the soft ferromagnetic 
layer 10, Ni is excluded from the free ferromagnetic 

20 layer 21, and an adverse effect due to the diffusion 
of Ni can be fundamentally avoided. 

Next, a manufacturing method of the magneto- 
resistance element of the present invention will be 
described. A TMR element of the magneto-resistance 

25 device shown in Fig. 2 is formed by using high vacuum 
spattering apparatus. Here, an argon pressure in the 
sputtering discharge is set to an optimum value in a 
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range of 5 to 10 mTorr, and a target voltage is set to 
an optimum value in a range of 300 to 500 V, based on 
a film to be formed. 

First, a Si single crystal substrate having a 
5 surface oxide film is prepared as a substrate 1. A Ta 
layer is formed to have the film thickness of 3 nm as 
a lower electrode seed layer 2. Subsequently, A Cu 
layer having the film thickness of 50 nm is formed on 
the lower electrode seed layer 2 as a lower electrode 

10 layer 3. Then, a Ta layer having the film thickness 
of 15 nm is formed on the lower electrode 3 as a 
buffer layer 4. Further, Co 90 Fe 10 having the film 
thickness of 3 nm is formed. These films have a 
function to promote orientation to the anti- 

15 ferromagnetic phase of the anti-ferromagnetic layer 5 
to be formed thereon, and are formed depending on a 
coupling with the anti-ferromagnetic layer 5. 

Next, a Pt 49 Mn 51 film having the film thickness 
of 30 nm is formed on the buffer layer 4 as an anti- 

20 ferromagnetic layer 5. NiMn and IrMn layers may be 
used, which have high thermal stability, as other 
anti- ferromagnetic layers 5. Then, a composite 
magnetic layer 6 having the film thickness of 4 nm is 
formed on the ant i- ferromagnetic layer 5 as a Mn 

25 diffusion preventing layer 6. Details of the method 
of forming the composite magnetic layer 6 will be 
described later. Next, a Co 90 Fe 10 film having the film 
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thickness of 5 nm is formed as a metal ferromagnetic 
layer 7. Subsequently, an Al layer having the film 
thickness of 2 nm is formed on the metal 
ferromagnetic layer 7 as a tunnel insulating layer 9. 
5 Then, a plasma oxidation (a high frequency plasma 
oxidation method) is carried out in an oxygen 
atmosphere to form an A10 X layer. It should be noted 
that the tunnel insulating layer 9 may be formed from 
an A1N X layer or a MgO x layer. 

10 Next, a Co 90 Fe 10 film having the film thickness 

of 2.5 nm is formed on the tunnel insulating layer 9 
as the metal ferromagnetic layer 8. Subsequently, a 
NiFe film having the film thickness of 7.5 nm is 
formed as a soft magnetic layer 10. Subsequently, a 

15 Ta layer having the film thickness of 30 nm is formed 
on the soft magnetic layer 10 as an electrode contact 
layer 11. Thereafter, a sample is taken out from a 
chamber, and a photo lithography, an etching, and a 
deposition of the interlayer insulation film are 

20 carried out to form connection patterns or contact 
holes. Then, the sample is carried in an upper 
electrode film forming apparatus. After the surface 
of the contact is cleaned in a vacuumed state through 
the Ar etching, a Cu layer is formed to have the film 

25 thickness of 300 nm . Finally. The sample is taken out 
from the chamber, and the pattern of an upper 
electrode 12 is formed through the photo lithography 
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and the etching. 

The TMR element as the magneto-resistance 
device is completed through the above-mentioned 
process . 

5 The composite magnetic layer 6 can be 

manufactured by a reactive sputtering using a 
sputtering gas which contains an oxygen gas, as well 
as the composite magnetic layer 15. A mixed gas of 
the oxygen gas and the argon gas is typically used as 

10 the sputtering gas. As a sputtering target, 

typically, an alloy is used that is formed of a metal 
ferromagnetic substance and a non-magnetic element 
that can be easily oxidized compared with the metal 
ferromagnetic substance. For example, ( Co 90 Fe 10 ) 85 Ta 15 

15 alloy target is used. When this alloy target is 

sputtered by using the sputtering gas which contains 
the oxygen gas, oxygen is bounded with the non- 
magnetic metal (Ta) prior to the metal ferromagnetic 
substance (Co 90 Fe 10 ) . By adjusting an amount of the 

20 oxygen contained in the sputtering gas appropriately, 
only the non-magnetic metal is oxidized without 
oxidizing the metal ferromagnetic substance, and the 
composite magnetic layer 6 can be formed. 

Fig. 7 is a graph showing resistivity of a thin 

25 film (vertical axis) that is formed by sputtering the 
(Co 90 Fe 10 ) 85 Ta 15 alloy target, which is formed of CoFe 
as the ferromagnetic substance and Ta as the non- 
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magnetic element, using the sputtering gas containing 
the oxygen gas. Fig. 8 is a graph showing a 
saturation magnetization of the formed thin film 
(vertical axis). The horizontal axes in these graphs 
5 indicate a ratio of a flow rate the oxygen gas (seem) 
to a flow rate of the argon gas (seem), which are 
introduced into the chamber in which the sputtering is 
carried out (hereafter, to be referred to as a 
"oxygen/ argon flow rate ratio") . A main portion of 

10 the formed thin film was an oxide amorphous layer 

having the composition of ( CoFe ) yTa^yOx, and the CoFe 
pillar-shaped crystal grains are formed partially in 
the formed thin film. That is, the structure of the 
thin film is such as shown in Fig. 4. As shown in 

15 Figs. 7 and 8, when the oxygen/ argon flow rate ratio 
is small, the thin film shows a metal electrical 
conductivity and a saturation magnetization is large. 
When the oxygen/ argon flow rate ratio exceeds 0.2, 
the resistivity of the thin film increases rapidly, 

20 and the saturation magnetization decreases rapidly. 

These graphs show that it is necessary that the 
oxygen/ argon flow rate ratio is less than 0.2 in 
order that CoFe contained in the thin film exists in a 
metal state. This inference has been proven by the 

25 analysis using XPS (X-ray Pho toelectron Spectroscopy) . 
Fig. 9 indicates Co 2p spectra obtained by 
carrying out XPS analysis on the thin films formed 
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under the condition of the oxygen/ argon flow rate 
ratios of 0.13 and 0.54. In the Co 2p spectra in Fig. 
9, 70 percent or more Co is in a metal state in the 
thin film when the oxygen/argon flow rate ratio is 
5 0.13, and Co contained in the thin film is oxidized 
when the oxygen/argon flow rate ratio is 0.54. 

The above-mentioned phenomena will be described 
as follows. Oxygen in the reactive sputtering is easy 
to be bounded with Ta, compared with Co 90 Fe 10 , and as a 

10 result, Ta is selectively oxidized first. When the 
oxygen/argon flow rate ratio is increased, Ta is 
oxidized completely and becomes Ta 2 0 5 in the 
oxygen/argon flow rate ratio of approximately 0.2. 
Then, the oxidation of Co 90 Fe 10 is started. (Co 90 Fe 10 ) - 

15 O x , which is obtained by oxidizing Co 90 Fe 10 , is an anti- 
ferromagnetic insulator. Therefore, the magnetization 
decreases, and the resistance increases rapidly. 
Thus, CoFe loses the electrical conductivity and the 
f erromagne t i sm if it is not in metal state. For this 

20 reason, the oxygen/argon flow rate ratio in the 

reactive sputtering should be equal to or less than 
0.2. Moreover, as understood from Fig. 7, the 
resistivity of the composite magnetic layer at that 
time is in a range of 10 to 3000 ]aQcm. In other word, 

25 if it is below 3000 |iQcm, the electrical conductivity 
and the f erromagne t i sm enough to the magneto- 
resistance element can be obtained. That is to say, 



45 



when CoFe is used as the metal ferromagnetic 
substance, and any one of TaO x , HfO x/ NbO x/ ZrO x , A10 X/ 
MgO x and SiO x is used as the oxide of the non-magnetic 
metal, the composite magnetic film 6 can be formed of 
5 CoFe in the metal state if the oxygen/argon flow rate 
ratio is less than 0.2. 

When the film is formed under the condition 
that ( Co 90 Fe 10 ) 85 Ta 15 alloy target is used, the flow rate 
of argon is 11.5 seem, and the flow rate of oxygen is 

10 1.5 seem ( oxygen/ argon flow rate ratio =0.13), 

CoFeTaO x composite magnetic film 6 of the magneto- 
resistance device shown in Fig. 2 has such a structure 
that the amorphous phase occupies in major and a 
pillar-shaped crystalline phase is partially 

15 contained. That is, the CoFeTaO x composite magnetic 
film 6 has the structure shown in Fig. 4. This has 
been confirmed by a transmission type electron 
microscope. At this time, the composition of the 
amorphous phase is Co 38 Fe 5 Ta 7 O 50 . 

20 In the composite magnetic layer 6 having such 

features as in the present invention, the composition 
ratio of the ferromagnetic material CoFe and the non- 
magnetic material Ta in the amorphous phase is 
important. For instance, in case of more Ta, the CoFe 

25 cluster in the amorphous phase is isolated in 
magnetically and electrically. The resistance 
increases remarkably when it is isolated electrically. 
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When it is isolated magnetically, a magnetic coupling 
becomes weak with the Co 90 Fe 10 layer (metal 
ferromagnetic layer 7) and the Pt 49 Mn 51 layer (anti- 
ferromagnetic layer 5) that are formed on up and down 
5 sides of the composite magnetic layer 6. Thus, the 
magnetization of the Co 90 Fe 10 layer is not fixed. On 
the other hand, when Ta is few, an enough effect of 
the diffusion prevention is not achieved. 

From the above-mentioned veiwpoints, it is 

10 preferable that an appropriate composition ratio of Ta 
(the non-magnetic oxide material) to CoFe (the 
ferromagnetic material) in the amorphous phase is in a 
range from 10% to 40%. Moreover, in order to obtain 
the composite magnetic layer 6 of the above-mentioned 

15 amorphous phase, the atomic radius of the non-magnetic 
material should be larger than that of the 
ferromagnetic material, and the thermal stability of 
the oxide has to be high. Such non-magnetic material 
is Zr, Hf, Nb, and Ce, besides Ta. The composition 

20 ratios of the ferromagnetic material and the non- 
magnetic material can be controlled based on the 
composition ratio of the sputtering target, and 
deposition conditions of the sputtering power and the 
argon pressure and the like. 

25 In Japanese Laid Open Patent Application (JP- 

P2002-158381A) , it is described that an amorphous 
phase is used in fixed layers even in the magneto- 
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resistance element. However, in the present 
invention, the oxide with high thermal stability such 
as TaO x , ZrO x , NbO x , HfO x , and CeO x is used as the non- 
magnetic material in the amorphous, unlike the above 
5 Japanese Laid Open Patent Application. That is to 
say, the amorphous structure is not essentially 
important for the effect of prevention of the Mn 
diffusion in the present invention, which will be 
described below referring to Fig. 10. 

10 Fig. 10 is a graph showing a relation between 

an amount of the Mn diffusion and thermal treatment 
temperature. The vertical axis is the amount of the 
diffusion amount of Mn from the anti-ferromagnetic 
layer 5 to tunnel insulation film 9 (based on 

15 photoelectric spectrum). The horizontal axis is the 
thermal treatment temperatures of samples. Fig. 10 
shows measurement data of the amounts of the Mn 
diffusions in samples 1 and 2. The sample 1 has a 
structure from the substrate 1 to the tunnel 

20 insulation film 9, in which structure a usual 

amorphous film ( Co 90 Fe 10 ) 85 Ta 15 is used in the pinned 
ferromagnetic layer 20 (shown in the graph as 
"Comparison example" by a broken line) . The sample 2 
has a structure from the substrate 1 to the tunnel 

25 insulation film 9, in which structure CoFeTaO x 

composite magnetic layer 6 of the present invention is 
used in the pinned ferromagnetic layer 20 (shown in 
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the graph as "Experiment example" by a solid line) . 
The samples have the following structure. As 
described above, each of the samples has the structure 
in which substrate / lower electrode seed layer / 
5 buffer layer / ant i- ferromagnetic layer / usual non- 
oxidation amorphous film or composite magnetic layer / 
metal ferromagnetic layer / tunnel insulating layer in 
order (the lower electrode layer is omitted), 

(1) Sample 1 (the comparison example as a conventional 
10 example) 

Substrate / Ta (3 nm) / Ni 81 Fe 19 (3 nm) / Ir 2O Mn 80 
(10 nm) / (Co 90 Fe 10 ) 85 Ta 15 (3 nm) / Co 90 Fe 10 (3 nm) / Al (1 
nm) - O x 

(2) Sample 2 (the experiment example of the present 
15 invention) 

Substrate / Ta (3 nm) / Ni 81 Fe 19 (3 nm) / Ir 20 Mn 80 
(10 nm) / CoFeTaO, (3 nm) / Co 90 Fe 10 (3 nm) / Al (1 nm) - 

O x 

As shown in Fig. 10, in the composite magnetic 
20 layer 6 of the present invention (sample 2), the 

diffusion amount of Mn is always low, compared with 
the conventional non-oxidation amorphous film (sample 
1) . In the thermal treatment at 400 °C, the diffusion 
amount of Mn is suppressed even to 60% (50% or less at 
25 350 °C), compared with the non-oxidation amorphous. 

This is the effect that Mn is prevented from diffusing 
in the pinned ferromagnetic layer. 20 by the oxide. 
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The composite magnetic film 6 can be formed by 
direct sputtering by using the oxide target of 
CoFeTaO x/ in addition to the above-mentioned reactive 
sputtering method. In that case, to supplement oxygen 
5 loss in the sputtering film, the oxygen gas may be 
mixed in the sputtering atmosphere. In the direct 
sputtering of the oxide target, it is preferable that 
the manufacturing throughput and controllability can 
be improved. The composite magnetic layer CoFeTaO, 

10 layer described above has the structure shown in Fig. 
4 that is formed of the amorphous phase 32 and the 
pillar-shaped crystalline phase 33. 

As shown in Fig. 5, the second composite 
magnetic layer 6 includes a plurality of ferromagnetic 

15 metal crystal grains 35 formed of the ferromagnetic 
material. The crystal grains are separated by the 
non-magnetic oxides 34 and a part of the crystal 
grains of the plurality of ferromagnetic metal crystal 
grains 35 is contact with one or more crystal grains 

20 of the other adjacent crystal grains. Such a 

structure can be achieved when the oxide such as the 

/ 

oxide of Al, Si, Mg, or Ti, which is thermally stable 
and non-solid-soluble in the ferromagnetic material, 
and whose atomic radius is smaller than that of the 
25 ferromagnetic element is used as the non-magnetic 
material. The non-magnetic oxide 34 between the 
crystal grains has an ununiform thickness, and has a 
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partial thin portion and pinholes. The thickness is 
preferably 2 nm or less. In such a structure, the 
ferromagnetic metal crystal grain 35 is not an 
isolated grain and a plurality of crystal grains 
5 contacts with each other in some place. The size and 
shape of the crystal grains are ununiform. The 
average crystal grain diameter can be estimated by X- 
ray dif f ractometer or an electron di f f ractometer . 
Through these measurements, it was found that the 

10 average diameter of the ferromagnetic metal crystal 
grains 35 in the composite magnetic layer 6 is 10 nm 
or less, unlike the usual ferromagnetic metal crystal 
grain (the average diameter is 15 to 30nm) . This is 
because a grain growth of the ferromagnetic metal 

15 crystal grain 35 is suppressed with the non-magnetic 
oxide 34 . 

The composite magnetic layer 6 in the second 
example is possible to be manufactured by the same 
method as the above-mentioned CoFeTaO x . That is, when 

20 being manufactured by the reactive sputtering, the 
composition ratio of the ferromagnetic material and 
the non-magnetic material in the sputtering target is 
kept appropriate, the flow rate of oxygen is optimized 
so that the non-magnetic material is oxidize 

25 completely, and the most part of the ferromagnetic 

material is in a metal state. Thus, the deposition of 
the layer is achieved. 
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Also, when the ratio of the non-magnetic 
material to the ferromagnetic material in the 
sputtering target is increased, the ferromagnetic 
metal crystal grain 35 in the composite magnetic layer 
5 6 becomes small, and the thickness of the non-magnetic 
oxide 34 between the grain boundaries increases. When 
the thickness of the non-magnetic oxide 34 becomes 
thick, the adjacent grains are separated from each 
other completely by the non-magnetic oxide 34, so that 

10 the coupling between the ferromagnetic metal crystal 
grains 35 is broken magnetically and electrically. At 
this time, the composite magnetic layer shows a super- 
paramagnet ism due to thermal fluctuation, and becomes 
insulative. Therefore, the composition ratio of the 

15 sputtering target is determined such that the magnetic 
and electric coupling between the adjacent 
ferromagnetic metal crystal grains 35 are not broken, 
by adjusting the composition of the sputtering target 
and the flow rate of oxygen. The composition ratio of 

20 the non-magnetic material to the ferromagnetic 

material is preferably equal to or less than 40%. 

As shown in Fig. 6, the composite magnetic 
layer 6 in the third example includes a plurality of 
pillar-shaped ferromagnetic metal crystal grains 35a 

25 and non-magnetic oxides 34a. The plurality of 

ferromagnetic metal crystal grains 35a are separated 
by the non-magnetic oxide 34a from each other. The 
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crystal grain boundaries in the structure in the 
direction perpendicular to the film surface of the 
composite magnetic layer 6 are not separated by the 
nonmagnetic oxide 34a. Such a structure can be 
5 achieved when the thickness of the composite magnetic 
layer 6 is thinner than the size of the ferromagnetic 
metal crystal grain 35a, or when the ratio of the non- 
magnetic material to be mixed in the composite 
magnetic layer 6 is low (roughly the composition ratio 
10 of 10% or less) . Any of oxides of Ta, Hf , Zr, Nb, Al, 
Si, Mg, and Ti can be applicable as the non-magnetic 
material . 

In these composite magnetic layers 6, the anti- 
ferromagnetic layer 5 and the tunnel insulating layer 

15 9 are not completely separated by the non-magnetic 

oxide 34a. However, a region, which is formed between 
the crystal grain boundaries in the pinned 
ferromagnetic layer 20, and through which Mn is 
diffused easily, is buried by the non-magnetic oxide 

20 34a. Therefore, an enough effect of the diffusion 

prevention can be obtained. Also, the advantages of 
the composite magnetic layer 6 in the third example is 
in that simplification and thinning of the pinned 
ferromagnetic layer 20 can be obtained while keeping 

25 the prevention of the Mn diffusion. Also, it is in 
that the grain growth from the lower layer can be 
maintained. In this composite magnetic layer 6, the 
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non-magnetic oxide 34 is segregated in the grain 
boundary. Therefore, the most portion of the 
interface contacted with the tunnel insulating layer 9 
is the ferromagnetic metal crystal grains 35a even if 
5 the composite magnetic layer 6 is directly contact 
with the interface of the tunnel insulating layer 9. 
Thus, the high MR ratio can be maintained. It is not 
necessary to insert the metal ferromagnetic layer 7 
between the composite magnetic layer 6 and the tunnel 

10 insulating layer 9, in order to keep the high MR 

ratio. Therefore, the pinned ferromagnetic layer 20 
can be formed only from the composite magnetic layer 
6. Moreover, the ferromagnetic metal crystal grains 
35a in the composite magnetic layer 6 are not 

15 separated by the non-magnetic oxide 34a. Therefore, 
the crystal orientation can be transferred to the 
upper layer. This property is effective in a spin 
valve structure, in which the anti-ferromagnetic layer 
5 is arranged above the tunnel insulating layer 9, 

20 since the composite magnetic layer 6 arranged below 
the anti-ferromagnetic layer 5 promotes the crystal 
orientation of the ant i- ferromagnetic layer 5 and 
generates an excellent exchange bias characteristic. 

In the measurement of a single-layer film of 

25 CoFeTaO x formed as mentioned above and a single-layer 
film of CoFeAlO, (formed by sputtering a ( Co 90 Fe 10 ) 78 A1 22 
target { oxygen/ argon flow rate ratio =0.07) in a 



54 



mixture atmosphere of argon and oxygen), the 
resistivity is 85 jjQcm and 810 jjiQcm, respectively. 
The magnetization measurement shows that the coercive 
forces are respectively 25 Oe and 5 Oe and 
5 ferromagnetic hysteresis curves are obtained in proper 
rectangular shapes. The result of the X-ray 
diffraction on these single-layer films shows that 
only a small diffraction peak due to the pillar-shaped 
crystalline region was observed in case of CoFeTaO x/ 

10 while the diffraction peaks of the face-centered cubic 
lattice were observed in case of CoFeA10 x and the 
average crystal grain diameter calculated from the 
half width using the Debye Sierra formula is 
approximately 6 nm . Consequently, the average 

15 diameter is 6 nm in the CoFeAlO x film and shows 
ferromagnetic properties and metal conductive 
properties. Therefore, it could be considered that 
the grains are partially contact with each other. 

Fig. 11 is a graph showing a magnetization 

20 curve of the exchange coupling film as the anti- 
ferromagnetic layer 5 containing the diffusion 
preventing layer / the pinned ferromagnetic layer 20. 
The vertical axis is magnetization, and the horizontal 
axis is magnetic field. Here, a sample 3 ("Comparison 

25 example" shown by the solid line in the graph) has the 
exchange coupling film including the pinned 
ferromagnetic layer 20 with a non-magnetic oxide layer 
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of Ta (0.5 nm) -Ox as the diffusion preventing film 
(metal ferromagnetic layer 7 / non-magnetic oxide 
layer / metal ferromagnetic layer 7). A sample 4 
("Experiment example" shown by the broken line in the 
5 graph) has the exchange coupling film including the 

pinned ferromagnetic layer 20 with a CoFeTaO x layer of 
the present invention as the composite magnetic layer 
6 (composite magnetic layer 6 / metal ferromagnetic 
layer 7). Thermal treatment is carried out on the 

10 samples in the magnetic field of 400 °C. 

Here, each sample will be described in the 
order of substrate / lower electrode seed layer/ 
buffer layer / anti-ferromagnetic layer / non-oxidized 
amorphous film or composite magnetic layer / usual 

15 metal ferromagnetic layer / tunnel insulating layer 
(the lower electrode layer is omitted.) 

(3) Sample 3 (comparison example to the conventional 
example ) 

Substrate / Ta (3 nm) / Co 90 Fe 10 (3 nm) / Pt 49 Mn 51 
20 (30 nm) / Co 90 Fe 10 (3 nm) / Ta (0.5 nm) -O x / Co 90 Fe 10 (5 
nm) / Al (2 nm) -O x 

(4) Sample 4 (experiment example of the present 
invention ) 

Substrate / Ta (3 nm) / Co 90 Fe 10 (3 nm) / Pt 49 Mn 51 
25 (30 nm) / CoFeTaO x (3 nm) /Co 90 Fe 10 (5 nm) / Al (2 nm) - 

O x 

In the sample 3, the exchange coupling magnetic 
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field becomes 0 Oe and the pinned layer is not fixed 
though the Ta-Ox (0.5 nm) layer is extremely thin. 
This could be considered as the result that the 
magnetic coupling is broken by Ta (0.5 nm) -Ox layer. 
5 On the other hand, in the sample 4 (the present 
invention) , an exchange bias is generated in the 
pinned ferromagnetic layer 20 and the exchange 
coupling magnetic field Hex is 130 Oe . In the present 
invention, it is possible that the oxide (the 

10 composite magnetic layer 6) functioning as the 

diffusion preventing layer is contained in the pinned 
ferromagnetic layer 20 while keeping the magnetic 
coupling of the pinned ferromagnetic layer 20 and the 
ant i- ferromagnetic layer 5. 

15 The composite magnetic layer 15 can be 

similarly used to prevent the Ni diffusion from a Ni- 
based soft magnetic layer in the free ferromagnetic 
layer. However, when the composite magnetic layer 15 
has soft f erromagnet ism enough, the soft ferromagnetic 

20 layer 10 is not necessary in the third embodiment 
shown in Fig. 12. That is, the composite magnetic 
layer 15 (having the structure as shown in Fig. 4) is 
formed of metal ferromagnetic substance, which has 
been not oxidized, as a main component and oxide of a 

25 non-magnetic element easy to bind with oxygen compared 
with the metal ferromagnetic substance, as a sub 
component. In the composite magnetic layer 15, the 
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ferromagnetic metal crystal grains become small and 
the crystal magnetic anisotropy decreases. For this 
reasons, it becomes relatively magnetically soft. In 
this case, Ni is not diffused into the tunnel 
5 insulating layer 9. 

The composite magnetic layer 15 contains many 
non-magnetic elements. Therefore, there is a 
possibility that the MR ratio becomes small if the 
composite magnetic layer 15 is arranged directly on 

10 the tunnel insulating layer 9. For this reason, the 
high MR ratio is kept by arranging the metal 
ferromagnetic layer 8 between the composite magnetic 
layer 15 and the tunnel insulating layer 9. It is 
preferable that the metal ferromagnetic layer 8 is 

15 formed of a ferromagnetic alloy containing Co as the 
main component, and is typically formed of CoFe. The 
composite magnetic layer 15 is formed as a composite 
thin film mixed with a ferromagnetic substance without 
Ni (typically, CoFe), and the oxide of a non-magnetic 

20 metal. In the free ferromagnetic layer 21 having such 
a structure, the high MR ratio can be attained by 
arranging the metal ferromagnetic layer 8 formed of 
the material with high spin polarization and thermal 
stability directly on the tunnel insulating layer 9. 

25 In addition, the composite magnetic layer 15 soft 

magnetically affects the exchange interaction to the 
metal ferromagnetic layer 8 to make the metal 
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ferromagnetic layer 8 soft, and as the result of this, 
the free ferromagnetic layer 21 is made to be soft 
wholly • 

Also, in the composite magnetic layer 6 in the 
5 third example (the structure shown in Fig. 6), most of 
the elements that contact the boundary are a 
ferromagnetic element as mentioned above. Therefore, 
the composite magnetic layer 6 can be arranged 
directly on the boundary of the tunnel insulating 

10 layer 9, and the metal ferromagnetic layer 8 is not 
necessary in the above-mentioned case. In this case, 
the soft ferromagnetic layer 10 is formed of the 
ferromagnetic substance containing Ni, typically, NiFe 
and is provided on the composite magnetic layer 15. 

15 The composite magnetic layer 15 as the above-mentioned 
composite thin film shows an effect of the prevention 
of Ni diffusion. Therefore, the diffusion of Ni 
contained in the soft ferromagnetic layer 10 into the 
tunnel insulating layer 9 can be prevented by the 

20 composite magnetic layer 15. The structure is 

preferable in that Ni can be prevented from diffusing 
into the tunnel insulating layer 9 while increasing 
the MR ratio. 

By adopting the configuration of the magneto- 

25 resistance device shown in Fig. 12, it is possible to 
achieve the prevention of Ni diffusion from the soft 
magnetic layer at the same time as prevention of Mn 
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diffusion. Thus, higher thermal resistance can be 
achieved. Since the same diffusion preventing layer 
can be used, the manufacturing method is easy even if 
the manufacturing cost is considered. In order to 
5 obtain the thermal resistance up to approximately 400 
° C in the magneto-resistance device, the diffusion of 
Mn from the ant i- ferromagnetic layer and Ni from the 
free ferromagnetic layer needs to be prevented at the 
same time, as mentioned above. Therefore, it is 
10 effective that the composite magnetic layer is 

provided as a diffusion preventing layer in the fixed 
ferromagnetic layer and the free ferromagnetic layer. 

[Experiment 1] 

The magneto-resistance device of the present 
invention having the above-mentioned configuration was 
manufactured by the above-mentioned method. The 
result of the experiment shows improvement of the 
thermal stability and the like due to the introduction 
of the composite magnetic film. That will be 
described below with reference to Fig. 15. 

Fig. 15 is graphs showing the relation between 
thermal treatment temperature and MR ratio in the 
magneto-resistance device. The vertical axis shows 
the MR ratio (%), and the horizontal axis shows the 
thermal treatment temperatures (°C) . Here, each of 
samples will be described below. 
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(5) Sample 5 (comparison example to the conventional 
example ) 

Substrate / Ta (3 nm) / Cu (50 nm) / Ta (15 nm) 
/ Co 90 Fe 10 (3 nm) / Pt 49 Mn 51 (30 nm) / Co 90 Fe 10 (9 nm) / 
5 Al (2 nm)-O x / Co 90 Fe 10 (2. nm) / Ni 81 Fe 19 (7.5 nm) / Ta 
(30 nm) / Cu (300 nm) . 

Here, the sample is formed in the order of substrate / 
lower electrode seed layer / lower electrode layer / 
buffer layer / anti-ferromagnetic layer / metal 
10 ferromagnetic layer / tunnel insulating layer / metal 
ferromagnetic layer / soft magnetic layer / electrode 
electric contact layer / upper electrode layer. 

( 6 ) Sample 6 (experiment example of the present 
invention) 

15 Substrate / Ta (3 nm) / Cu (50 nm) / Ta (15 nm) 

/ Co 90 Fe 10 (3 nm) / Pt 49 Mn 51 (30 nm) / CoFeTaO x (4 nm) / 
Co 90 Fe 10 (5 nm) / Al (2 nm)-O x / Co 90 Fe 10 (2.5 nm) / 
Ni 81 Fe 19 (7.5 nm) / Ta (30 nm) / Cu (300 nm) . 
Here, the sample is formed in the order of substrate / 

20 lower electrode seed layer / lower electrode layer / 
buffer layer / ant i - f er r omagne t i c layer/ composite 
magnetic layer / metal ferromagnetic layer / tunnel 
insulating layer / metal ferromagnetic layer/ soft 
magnetic layer / electrode electric contact layer / 

25 upper electrode layer. 

(7) Sample 7 (example of experimenting on the present 
invention) 
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Substrate / Ta (3 niti) / Cu (50 nm) / Ta (15 nm) 
/ Co 90 Fe 10 (3 nm) / Pt 49 Mn 51 (30 nm) / CoFeTaO, (4 nm) / 
Co 90 Fe 10 (5 nm) / Al (2 nm) -0 X / Co 90 Fe 10 (1 nm) / 
CoFeTaO x (3 nm) / Ni 81 Fe 19 (7. 5nm) / Ta (30 nm) / Cu 
5 (3 00 nm) 

Here, the sample is formed in the order of substrate / 
lower electrode seed layer / lower electrode layer / 
buffer layer / anti-ferromagnetic layer/ composite 
magnetic layer / metal ferromagnetic layer / tunnel 
10 insulating layer / metal ferromagnetic layer / 

composite magnetic layer / soft magnetic layer / 
electrode electric contact layer / upper electrode 
layer . 

The composite magnetic layer CoFeTaO x in these 
15 samples is formed by reactive sputtering (the 

oxygen/argon flow rate ratio = 0.13) by using the 
alloy target of (Co 90 Fe 10 ) 85 Ta 15 . It was confirmed that 
the resistivity of this composite magnetic film is 85 
yQcrn and coercive force is 25 Oe of the ferromagnetic 
20 by a sheet resistance measurement and a magnetic 
measurement . 

The sample 5 is the conventional exchange bias 
type magneto-resistance device. The sample 6 is the 
magneto-resistance device of the present invention in 
25 which the diffusion of Mn is prevented by using the 
CoFeTaO x composite magnetic layer 6. The sample 7 is 
the magneto-resistance device of the present invention 
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in which the diffusion of Mn and Ni is prevented by 
using the CoFeTaOx composite magnetic layers 6 and 15 
in the pinned ferromagnetic layer and the free 
ferromagnetic layer. 
5 In the sample 5, the MR ratio becomes the 

maximum of 53% at 330 P C. However, the MR ratio 
decreases rapidly at higher temperature. On the other 
hand, in the sample 6, the MR ratio is kept steadily 
to 40% or more at up to 365 °C, and the thermal 

10 resistance is improved. This is the effect of the 

composite magnetic layer CoFeTaO x that prevents the Mn 
diffusion from the anti-ferromagnetic layer. 

The sample 7 further improves the thermal 
resistance, and the MR ratio is kept to 40% or more up 

15 to at 390 °C. This could be considered as the effect 
of the prevention of diffusion of Ni from the free 
ferromagnetic layer in addition to the prevention of 
diffusion of Mn from the- anti-ferromagnetic layer. 

Fig. 16 is graphs showing a magneto-resistance 

20 curve of the sample 7 after the thermal treatment for 
one hour at 380 ° C . The vertical axis shows a MR 
ratio (%) and the horizontal axis shows a magnetic 
field (Oe) . As seen clearly from Fig. 16, the MR- 
curve of an excellent spin valve type can be achieved 

25 and there is no problem in the magnetic property. In 
this way, in the magneto- re s i stance device of the 
present invention, in which the composite magnetic 
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layers 6 and 15 are used in the pinned ferromagnetic 
layer and the free ferromagnetic layer, the thermal 
resistance is improved greatly, and thermal resistance 
of 390 °C at maximum was achieved. 

5 

[Experiment 2] 

The magneto-resistance device is manufactured 

by the same method as the experiment example 1 to 

contain the CoFeA10 x composite magnetic layer 6 in the 
10 pinned ferromagnetic layer 20. The film structure 

will be described below with reference to Fig. 17. 

Fig. 17 is a table showing relation between MR 

ratio and exchange coupling magnetic field. Here, 

each of samples is as follows. 
15 (8) Sample 8 (comparison example to the conventional 

example ) 

Substrate / Ta (30 nm) / Ni ai Fe 19 (3 nm) / 
Ir 20 Mn 80 (10 nm) / Co 90 Fe 10 (12 nm) / Al (2 nm) -O x / 
Co 90 Fe 10 (2.5 nm) / Ni 81 Fe 19 (7.5 nm) / Ta (30 nm) / Cu 
20 (300 nm) . 

Here, the sample was formed in the order of substrate 
/ lower electrode seed layer / buffer layer / anti- 
ferromagnetic layer / metal ferromagnetic layer / 
tunnel insulating layer / metal ferromagnetic layer / 
25 soft magnetic layer / electrode electric contact layer 
/ upper electrode layer (the lower electrode layer is 
omitted) . 
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(9) Sample 9 (experiment example of the present 
invention ) 

Substrate / Ta (30 nm) / Ni 81 Fe 19 (3 nm) / 
Ir 20 Mn 80 (10 nm) / Co 90 Fe 10 (1.5 nm) / CoA10 x [A] (8 nm) / 
5 Co 90 Fe 10 (1.5 nm) / Al (2 nm) -0 X / Co 90 Fe 10 (2.5 nm) / 
Ni 81 Fe 19 (7.5 nm) / Ta (30 nm) / Cu (300 nm) . 
Here, the sample was formed in the order of substrate 
/ lower electrode seed layer / buffer layer / anti- 
ferromagnetic layer / metal ferromagnetic layer / 
10 composite magnetic layer / metal ferromagnetic layer / 
tunnel insulating layer / metal ferromagnetic layer / 
soft magnetic layer / electrode electric contact layer 
/ upper electrode layer (the lower electrode layer is 
omitted) . 

15 (10) Sample 10 (experiment example of the present 
invention) 

Substrate / Ta (30 nm) / Ni 81 Fe 19 (3 nm) / 
Ir 20 Mn 80 (10 nm) / CoFeA10 x [B] (6 nm) / Al (2 nm)-O x / 
Co 90 Fe 10 (2.5 nm) / Ni 81 Fe 19 (7.5 nm) / Ta (30 nm) / Cu 
20 (300 nm) . 

Here, the sample was manufactured in the order of 
substrate / lower electrode seed layer / buffer layer 
/ ant i- ferromagnetic layer / composite magnetic layer 
/ tunnel insulating layer / metal ferromagnetic layer 
25 / soft magnetic layer / electrode electric contact 
layer / upper electrode layer (the lower electrode 
layer is omitted) . 



65 



The CoFeA10 x composite magnetic layer A used in 
the sample 9 was manufactured by the reactive 
sputtering (the oxygen/argon flow rate ratio = 0.07) 
by using the ( Co 90 Fe 10 ) 78 A1 22 sputtering target as 
5 described above. As the result of the X-ray 

diffraction measurement, the average crystal grain 
diameter is 6 nm, the resistivity is 810 ]jQcm showing 
electrical conductivity, and the coercive force is 5 
Oe showing a ferromagnetic hysteresis curve in a 

10 proper rectangular shape. 

On the other hand, the CoFeAlOx composite 
magnetic layer B of the sample 10 was manufactured by 
the reactive sputtering (the oxygen/argon flow rate 
ratio = 0.035) by using the alloy target of 

15 (Co 90 Fe 10 ) 95 A1 5 . This CoFeA10 x shows a ferromagnetic 

hysteresis with the coercive force of 30 Oe (magnetic 
measurement), and the resistivity is 20 ijQcm. 

The table in Fig. 17 shows relation of MR ratio 
and the exchange coupling magnetic field of these 

20 magneto-resistance devices (the samples 8 to 10) in 

thermal treatments at 250 °C, 300 °C, 350 °C, and 400 
°C. The conventional spin valve magneto-resistance 
device (the sample 8) has the high MR ratio of 42% at 
250 °C. However, the ratio of the conventional spin 

25 valve magneto-resistance device (the sample 8) is 

rapidly decreased in the higher temperature, and the 
thermal resistance is the worst. 
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On the other hand, in the sample 9 as the 
magneto-resistance device of the present invention, 
the CoA10 x composite magnetic layer A is inserted in 
the pinned ferromagnetic layer 20 to prevent the Mn 
5 diffusion. Therefore, even after the thermal 

treatment in a range of 250 to 350 °C, the MR ratio is 
stably kept to a high value. Moreover, the exchange 
bias magnetic field of 80 to 92 Oe is also generated. 
In the sample 10 as the magneto-resistance device of 

10 the present invention, only the CoFeAlOx composite 
magnetic layer is used as the pinned ferromagnetic 
layer 20 without the metal ferromagnetic layer 7. 
Even in this case, the MR ratio takes a high value of 
40%. Since the pinned ferromagnetic layer 20 is thin, 

15 the exchange coupling magnetic field of 200 Oe or more 
is generated. Moreover, the thermal resistance is 
also high, and the MR ratio is maintained to the value 
of 33% even after the thermal treatment at 350 °C. By 
using the composite magnetic layer of the present 

20 invention for the pinned ferromagnetic layer 20, the 

exchange coupling between the anti-ferromagnetic layer 
5 and the pinned ferromagnetic layer 20 is kept, and 
the Mn diffusion from the anti-ferromagnetic layer 5 
can be prevented so that the thermal resistance can be 

25 improved. 

[Experiment 3] 
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The experimental example 3 of the anti- 
ferromagnetic coupling film using the composite 
magnetic layer will be described. The samples were 
manufactured, in which the Co 90 Fe 10 (6 nm) metal 
5 ferromagnetic layer and the CoFeTaO x (5 nm) composite 
magnetic layer are f er romagnet ical ly or anti- 
f erromagnetically coupled. The composite magnetic 
layer CoFeTaO x (6 nm) was formed by the reactive 
sputtering (the oxygen/argon flow rate ratio = 0.13) 

10 by using the alloy target of ( Co 90 Fe 10 ) 85 Ta 15 in a 

mixture atmosphere of argon and oxygen, and was the 
same film as the experiment example 1. After the film 
growth, thermal treatment at 300 °C was carried out on 
the sample in the magnetic field to give the magnetic 

15 anisotropy. Those magnetization curves (vibratory 

magnetometer) are described with reference to Fig. 18. 

Fig. 18 is a graph showing magnetization curve 
of each of the samples. The vertical axis shows 
magnetization (emu) and the horizontal axis shows 

20 magnetic field (Oe) . Here, each sample was formed as 
follows . 

(11) Sample 11 (experiment example of the present 
invention ) 

Substrate / Ta (1.5 nm) / Co 90 Fe 10 (6 nm) / 
25 CoFeTaO x (5 nm) / Al (2 nm)-O x . 

Here, the sample was manufactured in the order of 
substrate / lower electrode seed layer / metal 
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ferromagnetic layer / composite magnetic layer / 
tunnel insulating layer. 

(12) Sample 12 (experiment example of the present 
invention) 

5 Substrate / Ta (1.5 nm) / Co 90 Fe 10 (6 nm) / Ru 

(1.0 nm) / CoFeTaO x (5 nm) / Al (2 nm)-O x . 
Here, the sample was manufactured in the order of 
substrate / lower electrode seed layer / metal 
ferromagnetic layer / non-magnetic layer / composite 

10 magnetic layer / tunnel insulating layer. 

The sample 11 is a laminated film in which a 
Co 90 Fe 10 film (6 nm) and a CoFeTaO x film (5 nm) are 
laminated directly and f erromagnet ically coupled. In 
the sample 12, a Co 90 Fe 10 film (6 nm) and a CoFeTaO x 

15 film (5 nm) are laminated through a Ru film (1 nm) , 
and two magnetic layers are ant i-f erromagnetically 
coupled by the effect of the Ru film (1 nm) . Ml and 
M2 shown in Fig. 18 are saturation magnetizations of 
the Co 90 Fe 10 film (6 nm) and the CoFeTaO x film (5 nm) , 

20 respectively. 

In the sample 11, a ferromagnetic hysteresis in 
a proper rectangular shape can be observed, and the 
height is M1+M2 (a summation of the saturation 
magnetizations in two layers). In the sample 12, a 

25 small hysteresis is observed in the magnetic field of 
approximately 0, and a magnetization curve without 
linear hysteresis is observed in a high magnetic 
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field. This is because the magnetizations of the 
Co 90 Fe 10 film (6 nm) and the CoFeTaO x film (5 nm) are 
anti-f erromagnetically coupled. The height of the 
ferromagnetic hysteresis in the magnetic field of 
5 approximately 0 is M1-M2 as the difference between the 
saturation magnetizations of both the ferromagnetic 
layers. When the applied magnetic field is increased 
to a higher value, the anti-ferromagnetic coupling of 
these Co 90 Fe 10 film (6 nm) and CoFeTaO x film (5 nm) are 

10 broken. When the magnetic field of approximately 2300 
Oe is applied, both the ferromagnetic layers become 
f erromagnetically coupled. By using the anti- 
ferromagnetic coupling film as in the sample 12, an 
effective magnetization can be reduced from M1+M2 to 

15 M1-M2 in the low magnetic field. By using the anti- 
ferromagnetic coupling film for the free ferromagnetic 
layer or the pinned ferromagnetic layer of the 
magneto-resistance device so that the magnetization of 
the pinned ferromagnetic layer or the free 

20 ferromagnetic layer is decreased, the increase of the 
dematnet i zat ion field or the static magnetic field can 
be restricted. Thus, the problem concerning to 
magnetizing in an MRAM device can be solved. 

In the present invention, the diffusion 

25 preventing layer is provided in the magneto-resistance 
element. Therefore, Mn and Ni diffusion from the Mn- 
based anti-ferromagnetic layer and Ni-based free 



ferromagnetic layer into the tunnel insulating layer 
can be prevented. Further, the problems can be solved 
such as the increase of the additional resistance due 
to addition of the diffusion preventing layer, and the 
decrease of the magnetic coupling in the pinned 
ferromagnetic layer and the free ferromagnetic layer. 
Thus, compared with the conventional technique, the 
magnetic tunnel device with higher thermal resistance 
can be manufactured at lower cost. The improvement of 
the thermal resistance of the magneto-resistance 
device contributes to improvement of the reliability 
and the thermal stability of the magnetic memory 
device using the magneto-resistance device. Moreover, 
a manufacturing process margin extends in the magnetic 
memory device with the magneto-resistance device, and 
it is possible to manufacture devices with higher 
performance . 
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